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BY-NC-ND license (http://creativecomAbstract Background: To obtain the learning curve in determining fetal sex with the first
trimester ultrasound scan.
Methods: A prospective study was conducted on 400 pregnant patients to determine the fetal
sex by ultrasound scan between 11e13þ6 weeks of gestation. A midsagittal plane of the fetus
was obtained by two sonographers who were newly trained for measuring nuchal translucency.
It would be assigned as male if the fetal phallus was in the cranial direction and assigned as
female if in caudal direction. The baby sex was confirmed after delivery. The accuracy of each
sonographer was analyzed after every 50 ultrasound scans performed.
Results: Nearly all the patients requested to be informed about the fetal sex during ultrasound.
The accuracy in determining fetal sex by the two sonographers increased with the number of ul-
trasound scans performed. The two sonographers achievedan accuracy rate of 71.4e78%after 200
ultrasound scans performed. Among different factors which may affect the accuracy in deter-
mining fetal sex with ultrasound, a gestational age less than 12 weeks had a significantly lower ac-
curacy than those more than 12 weeks, and male fetuses had significantly higher accuracy than
female fetuses. A logistic regression model showed that these two factors remained significant
in the equation (p < 0.001 and p < 0.001). However, prone position of the fetus and maternal
obesity significantly decreased the feasibility for sex assignment in both univariate (p < 0.001
and pZ 0.002) and logistic regression analysis (p < 0.001 and pZ 0.012) respectively.
Conclusion: Around200 ultrasound scanswill need tobeperformedbya sonographer to achieve an
accuracy greater than 70% in determining fetal sex at the first trimester.
ª 2016, Elsevier Taiwan LLC and the Chinese Taipei Society of Ultrasound in Medicine. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).ong, Obstetrics & Gynecology Office, 5/F, Block S, United Christian Hospital, Kwun Tong, Hong Kong,
.com (C.W. Kong).
.12.002
C and the Chinese Taipei Society of Ultrasound in Medicine. This is an open access article under the CC
mons.org/licenses/by-nc-nd/4.0/).
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Antenatal determination of fetal sex by ultrasound is useful
for X-linked diseases such as hemophilia and Duchenne
muscular dystrophy as the finding of female sex will exclude
the disease which can avoid the risk of invasive tests, while
the finding of male sex will implicate a 50% chance of
inheriting the disease and require further investigations.
Ultrasound determination of fetal sex may also sometimes
help in diagnosing and confirming chorionicity in twin
pregnancies and also satisfies parental curiosity.
It is usually not difficult to determine the fetal sex
during the second trimester ultrasound scan by identifying
the penis in a male fetus or labial folds in a female fetus,
and the accuracy in identifying fetal sex in an early second
trimester was quoted to be 96.7e99.3% [1,2]. On the con-
trary, it is more difficult to determine fetal sex during the
first trimester ultrasound due to the smaller size of the
fetus and difficulty in obtaining a true sagittal plane to
precisely assess the direction of the fetal phallus [3]. With
the widespread practice of measuring the nuchal trans-
lucency in the first trimester, many couples would wish to
know the fetal sex during nuchal translucency scans instead
of waiting for the second trimester morphology scan. In
addition, it would be better to determine the fetal sex
earlier in the presence of possible X-linked diseases to
proceed to invasive tests earlier if necessary.
Various studies showed that the determination of fetal
sex with the first trimester ultrasound is highly accurate
with accuracy quoted from 85.7e98.6% [4e9]. However,
there have not been any prospective studies on the quan-
titative experience a sonographer would need to perform
before he/she can identify fetal sex accurately to confi-
dently disclose the sex to the couple. This study aims to
obtain the learning curve for the determination of fetal sex
with the first trimester ultrasound scan.
Methods
This was a prospective study conducted in the antenatal
clinic of a regional obstetric training centre from December
2011 to August 2012. All pregnant women in gestation 11þ0
to 13þ6 weeks with fetal crown rump length between
45 mm and 84 mm were offered first trimester combined
Down syndrome screening. Two sonographers had recently
been accredited by the Fetal Medicine Foundation (UK) to
perform nuchal translucency scans. Patients having nuchal
translucency scans by these two sonographers were invited
for recruitment into the study with written consent. Pa-
tients with multiple pregnancies were excluded from the
study.
All the ultrasound examination was performed trans-
abdominally using a Voluson 730 Expert machine (GE
Medical Systems, Solingen, Germany) with a 4e8-MHz
curved array three-dimensional transducer. While
measuring the nuchal translucency, a midsagittal plane of
the fetus was obtained and an attempt was made to
determine the fetal sex as well. The fetus was assigned
subjectively either female or male sex according to the
direction of the fetal phallus. The fetal phallus in the
cranial direction was assigned as male [Figure 1; malefetus in sagittal section. Note the cranially directed
phallus (arrow)] while in caudal direction as female
[Figure 2; female fetus in sagittal section. Note the
caudally directed phallus (arrow)]. The maximum time
attempted was five minutes after measuring the nuchal
translucency and failure in assigning the fetal sex was
recorded. After delivery, the records of all recruited pa-
tients were reviewed through the obstetric database to
confirm the baby’s sex. If the patients finally delivered in
other hospitals, they were contacted by phone for this
information.
Yang et al [10] studied the learning curve in measure-
ment of fetal fronto-maxillary facial angle at 11e13 weeks
of gestation, and the competence in measurement was
achieved after a median number of 90 cases, with a range
of up to 140. It was postulated that the learning time of
measurement of fetal frontomaxillary facial angle and
assigning fetal sex was similar as both of them require the
sonographer to obtain a true midsagittal plane. Therefore,
200 cases were recruited for each sonographer. The results
were stratified into four blocks of every consecutive 50
cases to compare the accuracy. SPSS version 20.0 was used
for statistical analysis (SPSS, Chicago, IL, USA). Chi-square
test and Fisher’s exact test were used when appropriate.
Logistic regression models were tested to depict the pa-
rameters that may affect the accuracy in determining fetal
sex or affect the ability of assigning fetal sex. All the dif-
ferences were defined as being statistically significant at
p < 0.05.
This study was approved by the Research Ethics Com-
mittee of the corresponding hospital (reference number:
KC/KE-11-0161/ER-1).
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56 C.W. Kong et al.Results
Two hundred patients were recruited for each sonographer.
Among the 400 patients, 398 patients (99.5%) were Chinese
and 391 patients (97.8%) requested to know the fetal sex.
The demographic information of all the patients is shown in
Table 1. The true baby sex after delivery was 204 (51.0%)
males and 193 (48.3%) females, while three patients were
lost to follow up. The overall accuracy in determining fetal
sex by the two sonographers was 65.5%, while in 11 cases
(2.8%), the sonographers failed to assign any sex during the
ultrasound examination.
The performance of the two sonographers is shown in
Table 2. The accuracy in determining fetal sex of the two
sonographers increased with the number of ultrasound
scans performed. The two sonographers achieved an
accuracy of 71.4e78% after 200 scans performed
(Figure 3).
Different factors that may affect the accuracy and
assignment of fetal sex were compared. The gestational
age of the fetus was determined with an ultrasound ac-
cording to the measurement of crown-rump length.
Gestational age less than 12 weeks significantly lowered the
accuracy in determining fetal sex (p < 0.001), but there
was no difference in the performance between scans done
between 12e12þ6 weeks and 13 weeks and beyond. Male
fetuses were found to be more accurately determined with
ultrasound scan than female fetuses (p Z 0.001). Prone
fetal position and maternal obesity significantly decreased
the feasibility for sex assignment with ultrasound scan
(p < 0.001 and p Z 0.002). Presence of lower abdominal
scars did not decrease the accuracy or feasibility for sex
assignment (Table 3).
A stepwise logistic regression model was constructed
using the correct or incorrect diagnosis of fetal sex as the
dependent variable against parameters found to be signif-
icant on univariate analysis including gestational age and
real fetal sex. Gestational age (p < 0.001) and real fetal sex
(p < 0.001) remained significant in the final equation. TheTable 1 Demographic information of all the patients.
No. (%)
Advanced maternal
age (35 yr)
66 (16.5)
Nulliparity 226 (56.5)
Obesity (body
mass index
 25)
40 (10)
Presence of lower
abdominal scar
38 (9.5)
Chinese ethic group 398 (99.5)
Gestational
age with USG
11e11þ6 wk
(45.0e56.9 mm)
157 (39.3)
12e12þ6 wk
(57.0e67.9 mm)
191 (47.8%)
13e13þ6 wk
(68.0e84.0 mm)
52 (13.0%)
USG Z ultrasonography. T
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Figure 3 The accuracy rate in determining fetal sex by the
two sonographers. USG Z ultrasonography.
Determining Fetal Sex at First Trimester 57odds ratio for a correct sex diagnosis was 0.41 (95% confi-
dence interval 0.26e0.63) when gestational age was less
than 12 weeks. The odds ratio for a correct sex diagnosis
was 2.18 (95% confidence interval 1.41e3.38) if it was a
male fetus. Similarly, a stepwise logistic regression model
was constructed using the ability to assign fetal sex or not
able to assign fetal sex with ultrasound as the dependent
variable against parameters found to be significant on
univariate analysis including fetal position and maternal
obesity. Fetal position (p < 0.001) and maternal obesity
(p Z 0.012) remained significant in the final equation. The
odds ratio for being able to assign fetal sex was 0.02 (95%
confidence interval 0.01e0.09) for prone position. The odds
ratio for being able to assign fetal sex was 0.15 (95%
confidence interval 0.03e0.66) if the patient was obese
(Table 4).Table 3 Comparison of different factors that may affect the ac
Correctly
assigned
sex
Fetal position Supine 246 (66.0%)
Prone 7 (53.8%)
Abdominal Scar Absence 228 (65.1%)
Presence 25 (69.4%)
Maternal obesity Non-obese 229 (65.2%)
Obese 24 (68.6%)
Gestational age
(with USG)
11e11þ6 week (45.0e56.9 mm) 81 (53.6%)
12e12þ6 week (57.0e67.9 mm) 136 (73.9%)
13e13þ 6 week (68.0e84.0 mm) 36 (70.6%)
Baby’s sex Male 147 (73.5%)
Female 106 (57.0%)
* Statistically significant.
USG Z ultrasonography.
a Compared with 11e11þ6 weeks.Discussion
This study was able to demonstrate that even with newly
trained sonographers, a fair accuracy rate of over 70% in
assigning fetal sex could be achieved within a short training
period of around 200 scans. In particular, early gestational
age less than 12 weeks significantly decreased the accuracy
to assign the precise sex (odds ratio 0.41) while a male
fetus was associated with a higher accuracy (odds ratio
2.18). However, the prone position of the fetus and
maternal obesity decreased the ability of assigning a sex by
the sonographer (odds ratio 0.02 and 0.15 respectively).
Apart from the practical value in the management of
possible X-linked disease, identifying fetal sex with ultra-
sound has a social popularity in Chinese culture. Chan et al
[11] found that over 90% of the study population (N Z 159)
in Hong Kong desired identification of fetal sex during an
ultrasound scan. Another study in Taiwan showed that all
their patients (N Z 496) requested to be informed of the
fetal sex during ultrasound scan [6]. Therefore, knowing
the experience and exposure needed for a sonographer to
identify fetal sex with a reasonable degree of accuracy and
identifying the factors that would affect this accuracy are
essential.
This study showed that determining fetal sex at less than
12 weeks of gestation has a significantly lower accuracy
which is similar with other studies [6,7,9]. Therefore,
pregnant women should be informed of this limitation and a
repeat ultrasound scan in the second trimester is suggested
if they want to minimize the error rate. The accuracy rate
in male fetuses was higher than female which may be due
to the phallus direction being easier to identify with ul-
trasound in male fetuses. Obese patients and patients with
prone fetal position should be informed of the lower
feasibility to assign fetal sex upon request.
The overall accuracy rate in determining fetal sex in the
first trimester by the two sonographers (65.5%) was
comparatively lower than other studies (85.7e98.6%)
[4e9]. There are several possible reasons. Firstly, obtaining
a true midsagittal plane is important for identifying thecuracy and assignment of fetal sex.
Wrongly
assigned
sex
p Able to
assign fetal
sex with USG
Not able to
assign fetal
sex with USG
p
127 (34.0%) 0.267 376 (98.9%) 4 (1.1%) *<0.001
6 (46.2%) 13 (65%) 7 (35%)
122 (34.9%) 0.739 353 (97.5%) 9 (2.5%) 0.281
11 (30.6%) 36 (94.7%) 2 (5.3%)
122 (34.8%) 0.835 354 (98.3%) 6 (1.7%) *0.002
11 (31.4%) 35 (87.5%) 5 (12.5%)
70 (46.4%) e 153 (97.5%) 4 (2.5%) e
48 (26.1%) *<0.001a 185 (96.9%) 6 (3.1%) 1.000a
15 (29.4%) *0.048a 51 (98.1%) 1 (1.9%) 1.000a
53 (26.5%) *0.001 200 (98%) 4 (2%) 0.4811
80 (43.0%) 186 (96.4%) 7 (3.6%)
Table 4 Logistic regression analysis of the factors that affect the accuracy and assignment of fetal sex.
B SE Wald p Odds ratio 95% confidence interval for Odds ratio
Lower Upper
Factors that affect the accuracy of fetal sex
Gestation < 12 wk 0.895 0.224 15.907 *<0.001 0.41 0.26 0.63
Male fetal sex 0.780 0.224 12.139 *<0.001 2.18 1.41 3.38
Factors that affect the assignment of fetal sex
Prone position 3.803 0.724 27.600 *<0.001 0.02 0.01 0.09
Obesity 1.915 0.766 6.259 *0.012 0.15 0.03 0.66
* Statistically significant.
SE Z standard error.
58 C.W. Kong et al.fetal sex correctly [3]. The two sonographers had just
started to perform nuchal translucency scans and they had
limited experience in obtaining a true midsagittal plane
beforehand, while sonographers in other studies had been
performing nuchal translucency scans or first trimester
anomaly scans in their daily practice before their studies
started. It is expected that the accuracy rate will further
increase with accumulation of more experience, and
therefore a larger study may be able to determine the
plateau accuracy and also the number of scans required.
Secondly, the failure rate in assigning fetal sex by our
two sonographers was much lower than other studies (2.8%
vs. 6.6e15%) [4e9]. Our sonographers were more likely to
suggest a fetal sex which may be due to the prospective
nature of this study and also request from the pregnant
women, and so were prone to lower accuracy. Thirdly, the
proportion of patients of less than 12 weeks of gestation in
our studies was much higher (39.3% vs. 0e19.4%) [5e9].Table 5 Comparison of the accuracy rates between our study a
Study Method of determination
for fetal sex
No. of
patients
studied
Ges
wk
pat
Mazza
et al 2004 [4]
Method A (midsagittal plane)a 2593 BPD
mm
Whitlow
et al 1999 [5]
Method B (midsagittal plane)
þ method C (transverse plane)b
447 11e
Hsiao
et al 2008 [6]
Method C (midsagittal
þ transverse plane)c
496 11e
Efra
et al 1999 [7]
Method D (midsagittal plane)d 172 11e
Efrat
et al 2006 [8]
Method D (midsagittal plane) 656 12e
Chelli
et al 2009 [9]
Method D (midsagittal plane) 312 11e
This study Method B (midsagittal plane) 400 11e
BPD Z biparietal diameter.
a Method A: Determine the angle between the axis of the ventral s
b Method B: Determine the direction of fetal phallus.
c Method C: Determine the prominence of genital tubercle.
d Method D: Measure the angle between genital tubercle and the luIndeed, in some studies, the rate of failure to assign a fetal
sex in patients less than 12 weeks of gestation could reach
40% [5,6] compared with only 2.5% in this study. Further-
more, some studies include pregnant patients greater than
14 weeks of gestation for analysis as well which would
certainly increase the accuracy rate (comparison with other
various studies is shown in Table 5) [4,5,9].
Lastly, the method of determining fetal sex differs
among the studies. The majority required at least a
midsagittal plane, while some authors determined with an
addition of transverse plane [5,6]. Some authors simply
used the direction of the phallus as in this study, while
some included a more objective method by measuring the
angle between the genital tubercle and lumbosacral sur-
face [7e9]. Simple determination of the direction of the
phallus may be easier to be adopted in a busy setting.
However, given the likely increasing expectation from
pregnant women and their relatives, not only on the sexnd other studies.
tational
of the
ients
Patients with
gestation < 12 wk
Patients with all
the gestation
% Among
all the
patients
studied
Not able
to assign
fetal sex
Accuracy
rate
Not able
to assign
fetal sex
Accuracy
rate
18e29 N/A N/A N/A 8.4% 93.7%
14þ6 17.0% 40.8% 77.8% 15.0% 86.1%
13þ6 19.4% 40.6% 71.9% 11.1% 91.8%
13þ6 23.3% 7.5% 70.3% 8.7% 92.4%
13þ6 0.0% N/A N/A 6.6% 98.6%
14þ3 7.0% N/A 68.4% 10.3% 85.7%
13þ6 39.3% 2.5% 53.6% 2.8% 65.5%
urface of the fetus and the long axis of the genital tubercle.
mbosacral skin surface.
Determining Fetal Sex at First Trimester 59suggestion, but also on its accuracy, further research is
necessary to determine the best method, balancing the
accuracy and the time required.
In conclusion, this study showed that the accuracy of
determining fetal sex with the first trimester ultrasound
improved with the number of scans performed with an ac-
curacy rate reaching 70% after 200 ultrasound scans.
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